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Il)droelcctflc pOller planl· generate dt!cl liclt) fr0111 hyd l op()\I~1 Th~ perform,me.; or a 
h\'d lop()\\ er planl u~pends great ly on Ih.: ractor~ of a II\uro location ,'l~ sud :l~ the 
availahlc head, rU~S'Il"! and w~t ~r fl ow rale . HOllever, Ihe pcrlOfl'l1.IIlCe of.1 h\d' llpower 
rlanl ,11(Iuld not o nl- elllpha~" on Ih<:~~ p~lamelers II ilh,HII laklll!,. Illto Cl.nsid<:rations 
olhcl ,·,enIldl r: <: 1"" ", ·ha, ·nkl JnJ llllllLl Jb ',,)l ut~ !lo\\' Clngk JnJ 1)1" lurl"I1C 
elflclenc), This thesIs will carry out a study uSing cOlli putalional !l Uld d)nall1 lCs Ille thod 
10 ill \ esllgalc the <'11icienc\· of a rrancls wrbinc. A COIllI'L11all()nai \luld d\na111 lC> co,k, 
I'hoenlcs have been lIs~d to predici he ollilel now \'eloc ity of 111II<:r lea\ IIlg Ihl! rtlnner 
and dete l1l11nc Ihe "Ireet of changing gUide vane angle on tulb,l1e "mc l ~m::v. The fe' lIl ts 
01' the siudy indicated that Ihe l' ffi clency of a f ranCIS lu rbine could be improved by 
mcreasing the gUide vane angle from its Illitial onenlalion. 
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1.1 Inl rocluction 
With til.: comln~ of tile new millenium, (here wi ll be an es timated gTo\'<th of world 
p"pula!I!'" fmrn < 4 to 8 hli lion people ( n This esti motion in real life re presents the nc· d 
!I'f ~,'urc~<. ('nc' or \\hich I~ eI1(!rgy namely eicct[ [C Ity Thi s wi ll be an obvi o!l~ need fo r 
increa<,ing demand for elecuicily fo r the purpose of econom ic and social dcvelopmc!I\. 
Encrgl' is an essen!l~1 need for modeln iiI ing. Supply of electricity for dom estic purposes 
llf penetrat,on of electrical appliances consu!n\! a large pon lOn of electricity compared to 
other needs for public fac ilities which are essential for deve lopment in industrial and 
transportat Ion sectors 
With the growth in millions and the growing trends of urban ization, mega cities and 
metropolitans are bui lt at rapid rate. This trends leads to a high demand of c:nergy for li ght 
up bui ldings, houses, roads and other uses of elec tri cal power. Not the least of important 
in energy consumpt ion activities are heavy industries, which include steel, coal, cements, 
and other industries, wh ich include chemicals and etceteras. 
The growths of ci ti es are parallel with the growing needs fOI the transportation secto r. 
Widely used modes of transportation such as electric trains, coupled With the need to 
build aIrports and railway stations al so means that there will never be a shortage of 
demand for energy supply. 
However, the most important contribution of the high energy demands comes frol11 the 
building of inrra~lruclUre . Such as transponatinn, the bui jding of mfrastructu re is all 
c<;scnnal pan of modern living Roads, hospitals, pons, factories are huilt I\l ensure: 
comfortable living of the population. These obvIOusly need electricity to be able to serve 
the ir pU'lloses. 
1.2 Global Energy Demand 
After a slow growth In five years, the wor ld energy dema nd ac hieved the highest 
increment of about 2.5 rercent 1(1 1995, the hi ghest si nce \989. The lncrease in ell erg' · 
demand \\'lf l d "id~ "as due to the economic recovery of non,Organi zat lo n for,Fconomlc 
Cooperation and Development (OECD) countries in the wo rl d The growth of en erg v 
de mand fo r non,O ECD countries for 1995 was 3.2 percent whi le the energy gro wth fo r 
OEeD parts of the world was I 9 percent (2). 
The contri bution to the growt h of non-OECD camc from the grovith of energy demand in 
nOll-OECD Europe, 4.4 percent in 1995 but slowed down by 3.3 pe rcent in the fonner 
Soviet Un io n. Except for non-OECD regions in Africa , other non-OECD countrres in the 
world shown a growth of energy demand in 1995 (2) . 
For the year \995, the increase in energy demand was 7 percent fo r Asia , 5 percent for 
Latin Ameri ca , 3.3 percent for Middle East and 3 percent for Africa aft er a 7 percent 
growth peak in the previous year in the Africa regions (2 ). 
The worl d energy demand is currently increasing at a rate of 2 pe rcent pe r annwn with the 
estimated worldwide capacity is 650,000 MW (3). Due to the increasi ng needs fo r energy 
worldwide, the wo rl d energy demand will ri se by 65 percent to 95 percent by the year 
2020 (I ) The world energy demand growth from J996 to 20 l O is forecasted as in Figure 
1.1 (4) 
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Figure 1.1 Wurld Encrb'Y Demand Growth 
So urce: Ecolecll 
1.2.1 Energy Demand in MHla ysia 
As for Malaysia, the stable economic growth since the last decade has led to an increase 
in demand at a rate of J0 percent per annum. The increase in energy demand from 1996 to 
2000 is expected to reach 10,448 MW and 16,389 MW by the year 2005, which inclusive 
of a 35 percent reserve margin (0 ensure secunty of supply (5) The energy demand 
forecast is based on Gross Domestlc Product (GOP) growth of 8 percent a year and lhe 
amount of energy consumed in the previous years. For an example , the country has 
consumed a total of 31 ,874 GWh of energy in 1994. Out of thls, the industnal sector (ook 
up 16,760 GWh. commercial sector consumed 9.064 GWh wb ile tbe domestic sector 
consumed 5,805 GWh and the remaining 245 GWh was used tor public light ing (5). 
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1.2.2 Enel'!!;)" OCllland ill !'.anml1k 
There I, no exception for Saraw3 k as 11.94~ G VH of c:nelgy lIseu in 9'1"" Inr.;cn'h:d 
10 grol-\ at an average of 12. 3 perCent per annum from 1997 til 2000 and 72 p.; lcent in 
berween 200 1 to 2006 (6) To cope witll th is growth , the 1l1'l\il11Unl energ\ demand \\ill 
Il1creasc every yea r and it i, a nticipated to rea<.;h i.O()9 MW Itl 2LI(l6 as shown ill h gure 
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Figure 1.2 Maximu m Energy Demand in Sa rawak 
SOllrre: 8urawuk Electncity ,<;upply Corporation 
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I.J 1)0 \" t'r Gcneratiou ~celtario 

1 '0 I) pes of enel !!: u,ed In power l'enelul.on lQ produce electri city are non-renc,,·abk 

and n:nc\\ able cn,;rg)' Non-renewahle energy r ·sources slIch as coal, ali and natural ga, 

100\.. millions of ),ears to fom1 and are quickl y becoming scarce and depicted . Renewable 

energy <lSCS plentiful or Infini t~ resoure,s that may not be depleted such as hydro energy, 

\C\!ar energy, wind PO\\ er and geotherl11 :11 cncq;~,. 

In Md,;r 1(' reduce dependency on one type of enerb'Y source and to min1l1117C the pollution, 
espec i all~ from the emission of carbon diox ide from fossil fuel burning, Ihe power 
gencralion worldwide use both type of non - ren~"ahle and re.l\ewabk encrb'Y. The world 
power generation s cen~ri o as I·orecastcd from l"f}(' to 21 10 is shown 111 r.gure I 3 (4) . 
1.3,1 Powl'r GellC"lllioll Scenario in l\IalAy~ia 
The power generation scenano in MalaYS ia is based on Malay ·ia 's fou r-fuel policy, 
WhlC h was introduced afte r the global oil cri sis in the 19705. The pol icy emphasizes Ihe 
energy mi x of gas, otl, coal and hydro Instead on depending only on oil for elect ricity 
power generation. The energy mi x for power generation in Peninsula Mala ys ia IS shown 






















Types of Power ~nl'ratio n Insta lled Capllcity ( 1\\' ) I 
----------~I O~-------~ Diesel 
--+--. -------~~-------t Gas Turbine 258 
[I- ---C.,-' o- a-I--------- - ---+------- 6-:-0::-,0--- -------1 
t---~dr----------------~---------~ 5 ------____l
~o 1222~.~
~mblned-::-Y-C-:-1e ---'--'- ' ---- - -----14-1-9 5 ~ 
I Oil & Gas 1739 -.-------l 
34% 
cP ~ 
\\ odd 1'0\\ er Gencnllioll Scenario 
Source: E(l) lech 
Table 1.1 Power Generation in Peninsula l\Ialay~ia 
Source: Tenaga Nas{()nai Berhad 
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.._ --,1-- -· Typ~s~r Power Generation Installed Cal}Hcily ('tW) , 
·--------------~I---------------~ ·- -1I Coa l Iun 
~ ----,---- ------+- ---- --------l 
I h 'dro 1105 
_ _ _ _ __._ .--J 
0 11 I 2-1 0 , 
-+-- . ~--~-- -I- 41 ­
_ __ ..._ --1___ .. 
Tahir 1.2 Pu"cr Generation in SllrH"ak 
Source : Surawak Elec{T/cil)' Supply Corpl)ral, ,," 
1.4 Hydropower 
Being a reliable and e ffici ent so urce of power In the wo rl d, hydropo wer IS the largest 

rene wabk energy in the world and currentl y provIdes one-fiflh of the world 's e lectricity 

By utili zing tlowing ri ve rs, high changes of elevation and adeq uate amounts of wate r, 

most countnes in the world c hose to produce electnclty through hydropower facillii ;;, 

For example , in the Pacific Northwest of Uni ted States, there are 58 hydroelectric da ms, 

which contribute about 63 pe rcent of the total power generated in that area. BraZil IS 

producing 75 percent of its electriCity through hyd ropower plants and curren tl y 

constructing the wo rld's largest dam, Jtiapu dam (8) 

The potential hydropowe r world wide IS about 15 trillion kWh as estimated by the U 

(United Nation) with 13 percent has been developed and most of the potenhal 

hydropower sites are in former Soviet Union, South Asia and South America C) M ore 

than 100 countries are developing small hydropower plants wo rldwide adding to the use 

of hyd ropowe r as an alternative renewable energy resource. 
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U .l Il yd ropower ill 1\I>lla~~ill 
Ilyciropo w<!r pr()\ldes about 9 7 percenl of Mala,,,a 't~~'g) ll~cds 1'1) 11m perc<::l1tagc 
\\11i Illcr<,a,,, In 1<,17 1)Clecnt 01 the wuntn"s t"ner~Y 1111 '< IIIlh the completion or tht 
higgest hyJ ropo ',,;r plant In Balun willi 110 lllu,IITIUOl pOII'a gell.::ral10n CJI:k1CI IY of 2,400 
.._ ...~ Il~.l :"t'd C. lI JlIIC it ~ (-'1\\) ._...._... j 
40 iChelldcroh P OIICI S UJ tIOIl , Perak 
- .. "1 
ICl1l1l ll P"ngl. Sabah 
_.- .. 
l_s_u_ _ _ 70nga~>iah. p_cr.~.._ __ . 
Galang Ai. Sara wak lOR 
I Kcnenng, Perak -----.--... --- - 1'---­
I rlensa, Perak 
S u- P · -­ 120 I --I W-~ Idri s fl 0~ver Statton pe~;;-~- ·· t - 150 
Temengor, Pe rak 341\ 
I-:-;------;:::---------- ----\---~ - .--- - - . - - - -i 
IKenYlr, Teren~__nu 400ga_____ --J 
Pergau, Kelantan 600 I 
Table 1.3 lIydroJlower Plants in \1alaysia 
Source: A1alaysIU F'oresliy Deparlmenl 
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1.5 OhjPCliH'S 
TI",; I'r0.1':-:1 ' Idl t",'llS lin th\! floll' i>etweo:n the glilde ' ,lIles and a rUlmer of a Francis 
lUrl> In~ _ h\!. lud:- o!" Ih" 111111 uSing a com pIlL r SO!"1I1U rat:kag~ IS lh~ n used for 
""PH" ing Ihe: r-~rfiJrmall<':'; of (he I"r.lnc is lurbJn~_ Tit.: 0' crall nbjt:ctives of IhlS project 
;]r~ 1(1 ac hie\1! Ihc fl)II()lIln~ ~ 
-! () Ul1d<!l~ and thl' thcmy ofhydraulJc turbine III il\ d ropo"~' r plant. 
II! J ",'101' I he: g"n~ml <,quauolls from the tund:u'1.;ntal prinCIples of 11 lIld pow­
1"" slud~ th" u,c of PIIOENleS as one of the CFD software packages_ 
-10 stud,- lhe nuw between tbc gu ide ,-noes 3nd runner In rmncls turbine as simulaled 
1>.1 PHOENICS 
S To dC1erTnIllC the effects of changIng gUide vanes orientation On the turbine 
d Il clency. 
6_ To r.:c )mmend fun her works of the proJect. 
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